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Specification 

Title of the Invention: An MIS Type Level Shifter 

Claim 

1 . An MIS type level shifter which has a flip-flop circuit in which the output 
of a first inverter is applied to the input terminal of a second inverter and the 
output of the second inverter is applied to the input terminal of the first inverter 
and a sampling circuit which samples the signal by means of a sampling pulse, 
one of the pair of outputs in this sampling circuit being connected to the other 
input terminal of the aforementioned first inverter and the other of the 
aforementioned pair of outputs being connected to the other input temiinal of the 
aforementioned second inverter. 

Detailed Description of the Invention 
This invention relates to a MIS (metal insulator semiconductor) type level 

shifter. 

When, for example, the level of output of a ROM (Read Only Memory) is 
shifted in an electronic watch or electronic desktop calculator and when this ROM 
is performing static circuit operations, as shown in Figure 5(b), the level can be 
shifted even if sampling is not performed by the latch circuit. 

However, with the requirements for making chips smaller and for 
integration, there is a demand for constructing the ROM with dynamic type 
circuits of a high degree of integration (for example, a vertical ROM). 
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In static circuits, information is integrated in a capacitor. For this reason, 
as shown in Figure 5(a). the output level is slowly decreased by leaks of 
integrated information. In particular, because electronic watches and electronic 
desktop calculators operate at low frequencies, the decrease in output level is 
marked. 

Consequently, when, for example, ROMs are constructed with dynamic 
circuits in response to the demand for smaller devices, in a state in which the 
ROM output is not decreased below a fixed level, the output is latched and it is 
necessary to shift the output level. 

The object of this invention is to provide a level shifter that has this latch • 
function, in turn, providing dynamic electron devices that operate at a low 
frequency dynamic, and, by this means, seeking to decrease chip size and 
achieve a higher degree of circuit integration. 

One mode of execution of this invention for the purpose of achieving this 
object is a device which has a flip-flop circuit in which the output of a first inverter 
is applied to the input terminal of a second inverter and the output of the second 
inverter is applied to the input terminal of the first inverter and a sampling circuit 
which samples the signal by means of a sampling pulse so that one of the pair of 
outputs in this sampling circuit is applied to the other input terminal of the 
aforementioned first inverter and the other of the aforementioned pair of outputs 
is applied to the other input terminal of the aforementioned second inverter. 
We shall now describe this invention by means of an example. 



Figure 1 is a circuit diagram that shows an example in which this invention 
is used in a complementary M\S-\C and Figure 2 is a timer chart diagram in this 
circuit. 

Mi to Me are MISFETs of which the flip-flop is constructed. Mi is an N- 
channel type MISFET which serves as the load device of the first inverter, M2 is a 
N-channel MISFET that serves as the load device of the second inverter, M3 and 
.M4 are P-channel type MISFETs that serve as the drive devices of the first 
inverter and M5 and Me are P-channel type MISFETs that serve as the drive 
devices of the second inverter. 

With an ordinary' level shifter, the outputs oif each inverter should be higher 
than the threshold voltages of the MISFETs Mi and M2. However, in the flip-flop 
of this example, the output levels of each inverter must be higher than the logic 
threshold voltages of the inverters. For this reason, it is necessary to set W/L in 
the MISFETs Mi and M4 and M2 and Me. 

NANDs 1 and 2 and the inverter Inv form the sampling circuit. 
In this example, the output olthe ROM is sent directly to the flip-flop that is 
constituted of Mi through Me as the paired signals a and b at a specified timing 
by the sample pulse <}) and the flip-flop is controlled by the signals a and b. 

In this way, the ROM is constructed of a dynamic circuit, and, even though 
the output level is slowly decreased, the ROM output is only introduced during 
timing when the output level is not particularly low, whereas at other times the 
ROM output is not introduced. As a result, error operations of the flip-flop for 
level shifts attributable to a decrease in output level can be prevented and the 
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output level can be shifted without failure from -Vss to -Vgg. Thus, latching of the 
sampled signals can be performed by using the flip-flop for level shift as is 
without establishing a special latch circuit. Therefore, the number of elements is 
not increased to no purpose in order to achieve prevention of error operations. 

Figure 3 shows an example in which a latch circuit is installed separately 
from the flip-flop. 

The clocked inverters Clnv1 and 2 and the inverter Inv2 form the latch 
circuit. Therefore, when the signal for sampling ^ is introduced, the ROM output 
is introduced into the flip-flop comprised of Inv2 and Clnv 2 through Clnv1 and 
latching is effected. The output of the flip-flop for latching is inverted by Inv3 and 
this inverted output a together with output b, which has further inverted the 
inverted output a are applied to the flip-flop for the level shift that is constructed 

of My through Mio. 

This flip-flop for the level shift is comprised of a first inverter that is 
constructed of an N-channel MISFET M? for loading and of a P-channel MISFET 
Mg for drive and of a second inverter that is constructed of an N-channel MISFET 
Ms for loading and of a P-channel MISFET Mio for drive. For-the first inverter, the 
signal a is applied to Mg and the output of the second inverter is applied to M7. 
For the second inverter, the signal b is applied to M10 and the output of the first 
Inverter is applied to Me. 

It goes without saying that, by means of this circuit, the output of the 
dynamic ROM can undergo level shift without impediment. 



In either of the two examples, as shown in Figure 4, the R0M3 is latched 
in the latch circuit 2 by the pulse for sampling f and the level can be shifted by 
the level shift component 1 without causing a decrease of the output level. 

Consequently, no impediment arises to constructing circuits that operate 
with low frequency signals with dynamic devices and en-or operations can be 
prevented and a smaller size can be achieved. 

This invention can be used effectively in level shifters in devices that use 
dynamic logic. 

Brief Explanation of the Figures 
Figure 1 is a circuit diagram of an example of this invention. Figure 2 is a 
timing chart diagram of the circuit of Figure 1, Figure 3 is a circuit diagram of 
another example of this invention. Figure 4 is a block diagram of an application 
example of this invention. Figure 5(a) is an output waveform diagram of a 
dynamic circuit and (b) is an output waveform diagram of a dynamic of a dynamic 
circuit. 

1 - level shift component; 2 - latch component; 3 - ROM; Mi . io -- 
MISFETs; Invl to 4 - inverters; CInv 1,2- clocked inverters; NAND 1,2- 
NAND circuits. 

Agent: Toshiyuki Susukida, Patent Attorney 
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Figure 1 




Top left: ROM output . ^ ^ , 

Bottom left: circuit of -Vss power source Right: circuit of -Vgg power source 



Figure 2 




Top left: ROM output 
ROM output 



Figure 3 




Top: circuit of -Vss power source 
Left: ROM output 

Bottom: circuit of -VGG power source 



Figure 4 




In figure: ROiVI output 



Figure 5 
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ABSTRACT 

PURPOSE: To realize a d3^naraic electronic equipment providing a flip-flop 
circuit comprising through application of the inverter output and a 
sampling circuit vyhich samples the signal. 
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